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S U M M A R Y  

By s imulat ion of t h e  Tungusska meteor i te  explosion i t  was ascer- 
t a ined  t h a t  t he  forest f a l l  may be explained by an axial explosion wave 
( b a l l i s t i c  wave); at the  same time, t he  p ro jec t ion  of t he  axis is c l e a r l y  
def ined by the  shape of fall’s f i e l d ,  t h a t  is, the  heap. The e q l o s i o n ’ s  
l i n e a r  ener ,q  inc rease  (ba l - l i s t i c  wave) i n  the  l a t t e r  p a r t  of t he  t r z j e c t -  
ory is corpcza t ive ly  small. It corresponds t o  area increase  of noving 
body’s cross s e c t i o n  only by seve ra l  times. It is n a t u r a l  t o  i n t e r p r e t  
t h i s  as its fra,pentation. 

* 
* * 

As a r e s u l t  of cumberso-!e ened.ition,?ry onerz t ions  betveen 1958 
and 1965, a nap of the  area of f a l l e n  f o r e s t  i n  the reg ion  of the Tunpujska 

meteor i te  f a l l  w a s  d r a m  and the contour of the  d i s loca t ion  r e f ion  and the  

d i r e c t i o n  of f a l l e n  t r e e s  a t  various poin ts  was es t ab l i shed  C1-33. By wa:~  

of field i nves t iga t ions  the re  were measured over an a r e a  of 2200 km 2 the 

azimuths of near ly  40000trunks having f a l l e n  on 30 June l 9 O P .  The compi- 

l a t i o n  of t he  p re sen t ly  ava i lab le  r e s u l t s  is reprzsented i n  Fig. 1, w5ere 

each arrow rep resec t s  thc  aT‘er-c‘ of 10-  150 azimuth measurements. The 

charac te r  of the  Tungusska fa l l  l eaves  no doubt t h a t  i t  was t he  r e s u l t  of 

ac t ion  by a powerful a e r i a l  wave with e n e r m  of the  order  of 4 0 1 5 ~ ~  e r r  

[4 - 73, of which the  s e a t  was s i t u a t e d  at a c e r t a i n  he iqht  above Cround. 

The f i e l d  02 d i rec t ions  (Fig.1)  ev ident ly  cha rac t e r i zes  the motion 

of the shock wave f r o n t  near the  ground. Contra:r t o  what c a  be expected 

a t  Q poin t  aer ia l  explosion, the e c c e n t r i c  p o s i t i o n  of t h e  ep icenter  and 

the presence of winzs-lobes, i n  which a de f l ec t ion  of s e v e r a l  rteyrces 

fror.  c e n t r a l i t y  is not iceable ,  is c h a r x t e r i  s t i c  f o r  i t .  These p e c u l i a r i t i e s  
~ 
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ma? be e x p b i n e d  by assu21ing t h a t  t h e  shock wave is a b a l l i s t i c  wave by i ts  

ve ry  o r i g i n ,  induced by supersonic  motion of a meteoric body i n  t h e  atmo- 

sphere,  and still r e in fo rced  at t h e  end as a r e s u l t  of its d i s i n t e g r a t i o n  

o r  stormy fragmentation C4, 8,9J. 
In model experiments the b a l l i s t i c  wave w a s  produced by explosion 

of a b l a s t i n 5  fuse havin.7 a l i n e a r  explosion energy (per u n i t  of l eng th )  

= 6.3 109 erg/cm and a denotat ion v e l o c i t y  of 7 - 8 km/sec. The l i n e a r  e L  

Fic.1. - r ' i e ld  of t h e  d i r e c t i o n s  of f o r e s t  
1- ep icen te r  by on-the-spot de t e rn ina t ion  

dimping. 
and the  

zont  of s t and ing  forest4 2 - t r a j e c t o r y  n r o j e c t i o n  
accordiny: t o  as t ronoz ica l  data .  

ene ryy  of fuse  ei:Flosion was increased  z t  the end s e v e r a l  t imes by :'xi c?ddi- 

t i o n a l  chzrTe of e x d o s i v e  mstter.  The cord vas d i q o s e d  i n  i n c l i n e d  mzn:ier 

znC ended a t  c e r t a i n  he igh t  h above the  node1 of tlie f o r e s t .  The t r e e s  were 

s imula ted  by f l e x i b l e  none la s t i c  w i r e s  of 3 cm h e i c h t ;  t hey  were provided 

wi th  a c y l i n d r i c a l  llcrownll made of p l a s t i c  (Fig. 2). The wires bcndkd under 

the  e f f e c t  of the wave, thereby marking the  f i e l d  of d i r e c t i o n s ,  orthogonal 

t o  trave f r o n t .  
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The c l o s c s t  resezblance 0: the  s b u i a t e d  f a i l f i e l d  with t h a t  of 
Tungusska w a s  a t t a i n e d  at i n c l i n a t i o n  a = 30° t o  the  horizon (Fig. 3 ) ,  at 
he igh t  of the  end h- 24cm and inc rease  of e t  at  the  end by f o u r  times, 

Fig.  2. - Disposi t ion of the  cord and of tlie f i e l d  
p r i o r  t o  explosion; t h e  denotat ion takes place down- 

ward. The d i s t a c e  between the s e r i e s  of model t r e e s  
is 5 cn. 

2 i T .  3 .  - Plane Thoto of t h e  fall field a t  30' i n c l i n a t i o n  
m d  a fou r fo ld  increase a t  the end. The boundaries ind ica -  
t e d  are those of the  concentrated a112 axial explosions 

made s e pLva t e ly , 
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The explosions of the  concentrated fin21 charge and of the  uniform fuse,  

made separa te ly ,  show t h a t  t h i s  pa t t e rn  is genera l ly  formed by simple su- 
perimposi t ion of the respec t ive  f ie lds .  The poin t  charge g ives  a c i r c u l a r  

c e n t r a l  f i e l d  of the  heap with an e p i c e n t r a l  zone where the  heap is absent,  

The elongated t e r n i n a l  blas t ing  charge (1 : 10) a l s o  forms a p r a c t i c a l l y  

c e n t r a l  f i e l d ,  bu t  only s l i g h t l y  elongated perpendicular ly  t o  the  length,  

The heap from t h e  axial explosion has a shape of c h a r a c t e r i s t i c  winKs side- 
w i s e  from the t r a j e c t o r y  pro jec t ion  and is not  cen t r a l .  Its shape is s u f f i -  

c i e n t l y  s teady  when i n c l i n a t i o n s  vary. Sharp d i s t i n c t i o n s  (from t h a t  conveyed 

i n  F i r ,  3) and a >/ 60’. This  heap forms the 

r e a r  p a r t  of the  f i e l d .  

tzke place only at tx <loo 

The cons idera t ion  of experimental f i e l d s  a l lows us t o  conclude that 
t h e  isochrones of the wave f r o n t  on model plane a r e  s a t i s f a c t o r i l y  represented 

by c r o s s  s e c t i o n s  of a cone, widenine from the explosion axis and closed 

from beneath by a hemisphere ( F i g . 2 ) .  

I n  t h e  p a r t  of t he  f i e l d  where the  b a l l i s t i c  wave i s  a c t i n g  ( F i g . 4 )  

the  cu r ren t  l i n e s  are orthoconal  t r a j e c t o r i e s  to a f m i l y  of e l l i p t i c a l  i so-  

chrones, which p rec i se ly  e x p l a i m  the  noncen t r a l i t y  of t h a t  part of tke  f i e l d .  

I n  i t s  forxard part the  c a r r e n t  l i n e s  deFenerate i n t o  s t r a i F h t  l i n e s  emerging 

fro’? the  ep icenter .  

The pa t t e rn  ind ica t ed  is somewhat d i s ruyted  near the  ep icenter ,  

wfiich is expressed i n  its b l u r r i n ?  bzckward along the  t r a j e c t o r y  project ion.  

This  is caused by the charac te r  of d i f f r a c t i o n  a t  t he  end of the cord, a d  

a l s o  by the  f a x t  t h a t  the  r e a l  wave has, contrary t o  the  cone, e c e r t a i n  

coavexi ty  of genera t r ices ,  f o r  i t s  v e l o c i t y  decreases a t  the  o u t s e t  and 

approaches the  speed of sound only a t  a c e r t a i n  d is tance  from the source. 

The mechanism of lobe (wins) forna t ion  is explained by the  follotrin-. 

In the model plane the inc iden t  and r e f l e c t e d  wzves a c t  on the v a r t i c a l  t i n y  

rods, whereas i n  the region of i r r e q u l a r  r e f l e c t i o n ,  tf.c ? I :  d i n ?  , m e ,  havine 
formed as a r e s u l t  of t h e i r  i n t e rac t ion ,  is actin?.  .&s i s  wel l  :mown, when 

the sLock wave a c t s  uyon l l th in l l  ob jec ts  ( t r e e s ,  rods) the  p i n c i p a l  blowing 

f a c t o r  is the k i n e t i c  head q = pu2 behind the  wave front [lo]. kt present  

t he re  .are erper imentzl  determinations of  the value of the horizont71 compo- 

nect  of the  k i n e t i c  head at above-,Tound explosions [lo] as func t ions  of 
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t h e  excess  pressure  of t he  inc ident  wave, p5 and af the inc idence  angle 0. 

The function 

9 - q(Pc  e )  
is cha rac t e r i zed  by a sharp m a x i m a  at @ e45 - 5 5 O ,  t h a t  is, wi th  the  begin- 
n i n g  of i r r e g u l a r  r e f l e c t i o n .  

Shown i n  Fig. 4 are the i s o l i n e s  of t h e  angle 6, formed by t h e  front 
Flane, The l i n e s  of equa l  excess  of t he  i n c i d e n t  c o n i c a l  wave with  themodel 

p r e s s u r e s  p obviously coincide with t h e  f r o n t ' s  isochrones.  U t i l i z i n g  t h e  

c u r v i l i n e a r  coord inntes  p and 9 , i t  is poss ib l e  t o  cons t ruc t  t he  i s o l i n e s  of 
t he  h o r i z o n t a l  k i n e t i c  head on themodel plane (F i r .  4 ) .  Thei r  system corres-  

ponds t o  t h e  e sTer inen ta l ly  observedheap contour. I n  t h e  exneriment i ts 

boundary passes  r,t Scout q 0.35 kg/cn2. 

The p r e f e r e n t i a l  Tropaention of thr. b a l l i s t i c  wave toward the  s i d e s  

of t r a j e c t o r y  p ro jec t ions  w a s  also suspected e a r l i e r  wken cons ide r inc  the 

a c o u s t i c a l  nhenomena induce$. 5 ; ~  low-flying bol ide  [ll]. But i n  the  exDeriment 

t h e  axial symnetry of t he  corresFondinT f i e l d  is exposed i n  the s h a r p e s t  man- 

ner. It is  i n t e r e s t i n s  t h a t  the  azimuth of t he  t r a j e c t o r y  p ro jec t ion  of t he  

Tunrusska meteor i t e ,  def ined  as the axis of s y w e t r y  of FiUp. 1 and equal  t o  

29T0, co inc ides  with a p rec i s ion  t o  a deyree with the  r e c e n t l y  detercir ,ed 
me teo r i t c  r a d i a n t s  b-7 7s t rozonica l  nethods [g]. 

Il 

Fi : i  0-- c'r-  1c! of t i  e hea r t s  f i , ? l t ?  
for a = 3 0 9  x0- pro jec t ion  of the  
cord,  0 -  enC of the  cordf yy- qeo- 
m e t r i c a l  boun - a r y  of tiic con ica l  w. 
a- isochrones of  the f r o n t ;  6- CW- 

r e n t  l i n e s ;  8 -  lines of e c u S .  8;  - i s o l i n e s  q. 

The F a t t e r n  of b a l l i s t i c  wave 

u p o ~  the  su r face ,  repreceii ted i n  Fi?. 4, 
achi ' is  suC1-i a t ransformation w i t t  t he  

c h a s e  of explosion enerFy. The fornula 

where r i s  tiie distcance t o  the  <axis, 

s t a n d s  f o r  both tbc cylii-.?ric-.l e-@.o- 

,si?? a ~ i d  the b c l l i s t i c  w3ve. This  is  why 

? P -  naturr t l  values of q =ad a the  l i n e a r  

dinensions of x and y i nc rease  by the  

ou.nber of t i n e s  \'el increases ,  I n  case  of 
v a r i a t i o z  of a a s i x i l a r  t r ans fo rna t ion  

i s  poss ib l e  i n  the coord ina tes  p and 8 .  

- 
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Therefore, the forest heap at the  piace of Tunpsska meteor i te  fall 
may be explzined by an axial e x p l o s i o n  wave ( b a l l i s t i c  wave); at the  same 
t h e ,  t h e  axis' p ro jec t ion  is  c l e a r l y  def ined by the  shape of the  fall f i e l d .  

The explosion's linear eiiergy increase  (of  the b a l l i s t i c  wave) ii? the  t e r d n a l  

gsrt 0 2  the  t r a j e c t o r y  is comparatively small. It corresponds t o  area increase 
of moving body's crO6S s e c t i o n  only be a f e w  times, w i c h  can n a t u r a l l y  be 

i n t e r p e t e d  as its fragmentation. 
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